Summary. Real-time ultrasonography was used to detect pregnancy in 4 captive bottlenose dolphins. Pregnancy was readily confirmed from around the 4th month of gestation by imaging fetal fluids and fetal movement. Periodic examination permitted monitoring of the viability of the fetuses by observation of their heart beat and movement, and serial measurements of skull diameter (occipito-frontal axis) and thoracic diameter was possible. A growth curve for these measurements was plotted.
Introduction
The bottlenose dolphin (Tursiops truncatus) is the most common dolphin species held in marine parks world-wide, and it has been bred successfully in captivity (Amundin, 1986; Yoshioka et ai, 1986; Cornell et ai, 1987) .
Wild bottlenose dolphins breed predominantly in spring and autumn and pregnancy lasts between 11^a nd 12 months (Essapian, 1963; Harrison, 1969; Cornell et ai, 1987) , with a calving interval of 2-3 years (Kasuya, 1985) . Observations on captive populations indicate that females first breed at around 9-10 years of age and have been recorded as pregnant at 23 years (Cornell et ai, 1987) . Pregnancy has been diagnosed in bottlenose dolphins by increased abdominal roundness from 4 months of pregnancy, mammary gland development from 7 months and straining and body flexion with laboured respiration in late pregnancy (McBride & Kritzler, 1951 ; Tavolga & Essapian, 1957) . Cornell et ai (1987) reported that fetal heart beats could be reliably located by Doppler stethoscope from 4-5 months of gestation, and that pregnancy could be accurately diagnosed when serum progesterone concentrations exceeded 6 ng/ml for a 4-6-week period. These authors also reported the use of real-time B-mode ultrasound to detect pregnancy and monitor fetal development, although little information on its efficacy or accuracy was provided.
In June 1988 staff at Atlantis Marine Park, Western Australia, noted weight increases in 2 of the 4 female bottlenose dolphins during routine monthly weighings. Real-time B-mode ultrasound imaging was therefore undertaken to determine whether the weight gain in the females was due to pregnancy. This technique was chosen as it is non-invasive and provides evidence of fetal viability.
Materials and Methods
The marine park (80 km north of Perth, 32°S) had 4 female bottlenose dolphins (estimated to be 11-14 years old using length as an approximate age index). They occupied a large salt water pool (1200 m3) with 3 male cohorts and have done so since capture in 1981. No information was available on the ultrasonic anatomy of dolphins, and so 2 of the males were examined by ultrasound for comparison. The dolphins were trained to lie upside down in the water to allow imaging of the ventral abdomen. The dolphins maintained this position for 15-30 sec before rotating upright to breathe. The procedure was repeated 3-4 times with each dolphin at each examination until 2-3 months before parturition, when the dolphins became reluctant to assume the supine position. Imaging was performed at approxi¬ mately monthly intervals using an Aloka SSD260 ultrasound machine (Aloka Company, Tokyo, Japan) with a 3-5 MHz linear array transducer (Aloka UST-5021). The transducer was enclosed within a thin plastic sleeve (to protect it against salt water) and copious amounts of contact gel were used to provide a good contact. Imaging was performed with the dolphin's right side adjacent to the edge of the pool, as Slipjer (1962) (Fig. 2) and the width across the first 3 ribs (Fig. 3) , did not give reliable measurements. Mating had been observed over an extended period through summer and autumn (December to March) and so dates of conception were not known. Measurements from the 3 dolphins which gave birth to live calves were therefore plotted against the interval from the time when the measurement was recorded to parturition (Figs 4a & 4b) . A simple regression was applied to the data, as the parameters measured are known to increase linearly as pregnancy progresses in humans (Kurtz & Needleman, 1988) .
Fetal measurements recorded from Dolphin L before the abortion were compared with those from the other dolphins. An estimate of the time when a normal parturition would have occurred was made, and this indicated that abortion had occurred approximately 11 weeks (skull diameter measurements) to 9 weeks (thoracic diameter measurements) before full term.
Discussion
Real-time B-mode ultrasound imaging provided a reliable non-invasive means of pregnancy diagnosis in all 4 dolphins. There was clear evidence of fetal viability from approximately the 4th month of pregnancy onwards. The serial measurement of serum progesterone concentrations provides an accurate means of pregnancy detection in dolphins, earlier than the results achieved with ultrasonography in the present study (Cornell et ai, 1987) . However, blood sampling is invasive and progesterone concentrations give no direct indication of the viability of the fetus. Two limitations were encountered in the present study. Firstly, during late pregnancy imaging was difficult since the dolphins would not present themselves for examination. In addition, the ultrasound machine used Fig. 1 (Hadlock et ai, 1982) . These measure¬ ments allow the prediction of birth dates to within 5-7 days when measured in the first trimester and 2-4 weeks when measured in the third trimester of pregnancy (Kurtz & Needleman, 1988) . Both measurements show linear growth for the normal human fetus. Similarly, Laws (1959) Weeks before birth Fig. 4 . Diameters of (a) fetal thorax and (b) skull (occipito-frontal diameter) of fetal dolphins measured from ultrasound images recorded at successive examinations in dolphins which gave birth to live calves, and plotted against the interval from the examination to parturition.
4data from real-time ultrasound studies are required to test the accuracy and linearity of the regression lines found in the present study. However, they do provide a guide to growth rates.
